UNIT IV HIGHWAY CONSTRUCTION MATERIALS AND 

PRACTICE 

PART -A 

1. How Geotextiles improves the safety and stability of Highway 
Embankments. [N/D 2015] [A/M 2019] 

Geotextiles as Reinforcement 

Since the tensile strength of soil is less, geotextiles, which have high 
tensile strengths, can contribute to the load bearing capacity of the soil. Thus, 
geotextiles perform the function of reinforcement in soils. The must 
important use has been in road construction on soft sub grades. 

2. How adding up the waste plastics help in the improvement of 
bituminous pavements. [N/D 2015] [A/M 2019] 

Plastics are organic substance which may be natural or synthetic resin 
in origin with or without moulding components. Synthetic resins are: phenol, 
formaldehyde, cellulose, vinyl, alkyd, etc. The moulding compounds are 
catalysts, filters, hardeners, lubricants, pigments, plasticizers, solvents, etc. 

Based on their behavior with respect to heat, they may be broadly 
grouped as Thermo plastic and Thermoset plastic. 

3. What is significance of static immersion test? [A/M 2016] 

The static immersion test is very commonly used as it is quite simple. 
The principle of this type of test is by binder immersing aggregate coated 
with the binder in water maintained as specified temperature and by 
estimating the degree of stripping. The result is reported as the percentage of 
stone surface that is stripped off after the specified time periods. 



4. Define flakiness index. [A/M 2016] [A/M 2017] [N/D 2017] 

Flakiness Index 

Flakiness index (FI) of aggregate is percentage by weight of aggregate 
particles the least dimension/thickness of which is less than three fifths or 0.6 
of their mean dimension. This test is applicable to size larger than 6.3mm. 

5. What are the significance of CBR test? [N/D 2016] 

California Bearing Ratio Test (usually referred to as CBR test) is an 
adhoc penetration test developed by the California State Highway 
Department of the USA for the evaluation of sub grade strengths of roads 
and pavements. 

CBR is expressed as the percentage of force per unit are required to 
penetrate a soil mass with a circular plunger of 50 mm diameter at a rate of 
1.25 mm / min compared with that required for the corresponding in a 
standard material. 

6. Define elongation index. [N/D 2016] [A/M 2018] 

Elongation index 

Elongation index (El) of an aggregate is the percentage by weight of 
particles, the greatest dimension of which or its length is greater than one 
and four fifth or 1.8 times their mean dimension. The elongation index test is 
not applicable of sizes smaller than 6.3mm. 

7. What is the purpose of conducting abrasion test? [A/M 2017] 

Due to movement of traffic the road stones used in the surfacing course 
of pavements are subjected to wearing action at the top surface. Resistance to 
wear or hardness is hence essential property for road aggregates, especially 
when used in wearing course. Hence in order to test the suitability of road 



stones to resist the abrading action due to traffic different types of abrasion 
tests are carried out in the laboratory. 

8. What are the desirable properties of soil as highway material? [N/D 

2017] 

The desirable properties of soil as a highway material are: 

> Stability 

> Incompressibility 

> Permanency of strength 

> Minimum changes in volume and stability under adverse conditions of 
weather and ground water. 

> Good drainage 

> Ease of compaction 

9. Differentiate between cutback bitumen and bitumen emulsions. [A/M 

2018] 


Cutback bitumen 

Bitumen emulsion 

Cutback bitumen is obtained by 

blending bitumen binder with 

suitable volatile diluents or solvents 

in the required proportion to reduce 

its viscosity to the desired range. 

A bitumen emulsion is liquid product 

in which substantial amount of 

bitumen is suspended in a finely 

divided condition in an aqueous 

medium and stabilized by means of 

one or more suitable material 




10.Differentiate between ‘Geo - Textiles and Geo - Membrane’ in 


highway construction. [N/D 2018] [N/D 2019] 


Geo - Textiles 

Geo - Membrane 

Geotextiles are porous fabric 

manufactures from synthetic 

materials that are primarily 

petroleum products and others, such 

as polyester, polyethylene, 

polypropylene and polyvinyl chloride, 

nylon, fiber glass and various 

mixtures of these. 

Geomembrane are thin materials 

with very low permeability. They are 

flexible and are manufactured from 

synthetic or bituminous products. 

They may be strength ened if 

necessary, with a fabric or film. 


11. List out the major construction machineries normally used at 
present in highway construction. [N/D 2018] 

> Road Roller Machine 

> Asphalt Mixing Plant 

> Forklift Truck 

> Crawler Excavator 

> Truck Crane 

> Wheel Loader 

12. Write short notes on Highway Drainage. [N/D 2019] 

Highway drainage is the process of removing and controlling excess 
surface and subsoil water within the road way or right of way. Adequate 
drainage is essential for the protection of the investments made in the 
highway structures. 




PART -B 


1. Describe any four laboratory tests on aggregates. [N/D 2015] 

Explain any two tests on road aggregates. [N/D 2017] 

Test for road aggregates to check the desirable properties are to be 
conducted. The relevant tests are: 

i. Crushing test 

ii. Abrasion test 

a. Los Angeles test 

b. Deval’s test 

iii. Impact test 

iv. Soundness test 

v. Water absorption test 

vi. Shape tests 

a. Flakiness index test 

b. Elongation index test 

vii. Stone polishing test 

Aggregate Crushing Test 
Theory 

The aggregate crushing value gives a relative measure of the 
resistance of an aggregate to crushing under a gradually applied compressive 
load. The standard aggregate crushing test is made on gradually applied 
compressive load. The standard aggregate crushing test is made on aggregate 
passing a 12.5 mm IS sieve and retained on 10 mm IS sieve. 



Apparatus Required 

i. A steel cylinder of 15.2 cm diameter and 13 to 14 m height with a base 
plate and a plunger. 

ii. Cylindrical measure of 11.5 cm diameter and 18 cm height. 

iii. Tamping road of 1.4 cm dia and 45 to 50 cm long. 

iv. IS standard sieves 

v. Compressive testing machine 

Test Procedure 

i. Dry aggregates of 6.5 kg passing 12.5 mm IS sieve and retained on 10 
mm IS sieve is taken. 

ii. The aggregate is filled into the standard cylindrical measure in three 
layers approximately of equal depth. 

iii. Each layer is tempered 25 times with the tamping rod and finally 
levelled off using the tamping rod as straight edge. 

iv. The weight of the sample contained in the cylindrical measure is 
measured (Mi). The same weight of sample is taken for the subsequent 
repeat test. 

v. Then the test sample is placed in the test cylinder in three equal layers 
tamping each layer 25 times. 

vi. Then the plunger is placed on the top of the sample along with the 
cylinder which is in turn placed on the compression testing machine. 

vii. The sample is loaded uniformly at a rate of 4 tones per minute up to a 
load of 40 tones. 

viii. The load is then released and the whole of the material is removed 
from the cylinder and sieved on 2.36 mm IS sieve. 

ix. The material passed through the sieve is weighed. (M 2 ) 



Computation and Result 


The aggregate crushing value is the percentage of the crushed material 
passing 2.36 mm IS sieve in terms of the original weight of the specimen. 

Mi 

Aggregate Crushing Value= — x 100 
Application and Limitations 


i. Aggregates with low aggregate crushing value is the strong one. 

ii. For a base course the recommended aggregate crushing value should 
not exceed 45% and for wearing surface courses should be within 30%. 

iii. For concrete the aggregate crushing value should not be more than 
45%. 

iv. If required, or if the standard size is not available, other sizes up to 25 
mm may be tested. Because of non-homogeneity of aggregates the 
results will not be comparable with those obtained in the standard 
test. 
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TEST LOAD 

Aggregate Crushing Test 

40 tonnes 

10% Fines Test 

A series of test loads 
between 40 tonnes and 
1 tonne to interpolate 
the load which produces 
10% of fines passing a 
2.36mm sieve 


Figure 2. Apparatus for the 10% fines test and aggregate crushing test (Millard, 1993) 






























Aggregate Abrasion Test 
Theory 

Aggregates used in the surface course are subjected to wear and tear 
which is totally referred as abrasion. Abrasion value of aggregates is the 
difference between the original weight and the final weight of the test 
specimen tested in a standard abrasion testing machine and represented as a 
percentage. 

Indian standard 2386 (Part IV) of 1963 recommended the use of Los 
angles abrasion testing machine or the Deval’s abrasion testing machine. 

Equipment Required 

Los Angles Machine -It consists of a hollow cylinder closed at both 
ends, having inside diameter 70 cm and length 50 cm and mounted so as to 
rotate about its horizontal axis. 

Test Procedure 

i. The specified weight of aggregate sample (5 or 10 kg) depending on the 
gradation is placed in the machine. 

ii. The abrasive change corresponding to the specified weight of aggregate 
is added to the machine. 

iii. The machine is rotated at a speed of 20 to 33 rev / min. 

iv. For grading A, B, C and D, the machine is rotated for 500 revolutions. 

v. For grading E, F and G it is rotated for 1000 revolutions. 

vi. After the completion of the above number of revolutions the material is 
discharged from the machine. 

vii. Preliminary separation of the sample is made on a sieve coarser than 
1.7 mm sieve. Finer portion is then sieved on a 1.7 mm IS sieve. 



viii. The material coarser than 1.7 mm IS sieve is washed, dried is an over 
at 105 to 110° C to a substantial constant weight and accurately 
weighted to the nearest gram. 

Computation and Result 

The difference between the original weight (Mi) and the final weight of 
the test sample (M 2 ) is expressed as a percentage weight of the test sample. 

M r M 2 

Los Angeles Abrasion Value=-x 100 

M 2 

Application and Limitations 

i. The percentage of wear should not be more than 16% for concrete 
aggregate. 

ii. For bituminous mixes Los — Angeles abrasion value up to 30% is 
allowed. 

iii. For base courses like bitumen bound macadam Los — Angeles abrasion 
value up to 50% is allowed. 

iv. This test is more dependable as rubbing and pounding action taking 
place inside the machine which almost simulates the field condition. 

v. Further correlation of Los — Angeles abrasion value with field 
performance are already established. 




Aggregate Impact Test 
Theory 

An impact test is conducted to evaluate the toughness of stones or 
resistance of stones to breaking under repeated impact loads. This test may 
be carried out either as cylindrical stone specimen or stone aggregate. 

The aggregate impact value is different from the crushing test in which 
the test value indicated a relative measure of resistance of aggregate to shock 
or impact rather than a gradually applied compressive load. 

Equipment Required 

i. Aggregate Impact Testing Machine: It consists of a metal base and a 
cylindrical cup of 10.2 cm internal diameter and 5 cm in depth. The 
aggregate sample is placed in this cup. A metal hammer of 13.5 to 14 
kg having a free fall from a 38 cm height arranged to drop through 
vertical guides. 

ii. Cylindrical measure 


Test Procedure 


i. The test sample consists of aggregate passing through 12.5 mm and 
retained on 10 mm IS sieve. 

ii. The aggregate is dried in an oven for a period of four hours at a 
temperature of 100 to 110°C. 

iii. The sample is filled in the cylindrical measure in 3 layers by tamping 
each layer by 25 blows. 

iv. The net weight of the aggregate in the cylindrical measure is 
determined (Mi). This weight of aggregate has to be used for duplicate 
test on the same material. 

v. The whole sample is transferred from the measure to the cup of the 
aggregate impact machine and compacted by tamping 25 times. 

vi. The hammer is raised to a height of 380 mm above the upper surface 
of the cup and allowed to fall freely on the aggregate sample in the 
cup. 

vii. The test sample shall be subjected to a total 15 such blows each being 
delivered at an interval of not less than one second. 

viii. The crushed aggregate is recovered from the cup and the whole of it is 
sieved on 2.36 mm IS sieve. The fraction passing the sieve is weighted 
to an accuracy of 0.1 gm (M 2 ). 

ix. The fraction retained on the sieve is also weighed (M3). 

x. If the total weight (M2+M3) is less than the initial weight Mi by more 
than one gm the result shall be discarded and a fresh test is made. 

Computation and Results 

The ratio of the weight of fines formed to the total sample weight is 
each test is expressed as percentage. Therefore 

M 2 

Aggregate Impact Value= — x 100 

IVl ^ 



Application and Limitations 


i. The aggregate impact value should not be more than 45% for 
aggregates used for concrete. 

ii. Concrete wearing surface should use aggregate impact value around 
30%. 

iii. Classification of stones are made on the basis of toughness property 
considering the aggregate impact values. 

iv. Aggregate impact values less than 10% is considered as exceptionally 
strong 10 to 20% strong; and 20 to 30% satisfactory for road surfacing. 



Aggregate Soundness Test 
Theory 

Soundness refers to the ability of aggregate to resist excessive changes 
in volume as a result of changes in physical conditions. The physical 
conditions that affect the soundness are i) freezing and thawing, ii) variation 



in temperature, iii) alternate wetting and drying under normal conditions 
and iv) alternate wetting and drying under salt water. 

Apparatus Required 

i. Sodium or magnesium sulphate 

ii. Weighing Machine 

Test Procedure 

i. Carefully graded aggregate of known weight (Mi) is taken. 

ii. The sample is soaked in a solution of magnesium sulphate for 16 to 18 
hours. 

iii. The sample is dried in an oven at 105 to 110°C to a constant weight. 
This completes, one cycle. 

iv. Steps (iii) and (iv) are repeated. After the final cycle the sample is 
examined visually for the evidence of excessive splitting, crumpling or 
disintegration of grains. 

v. Sieve analysis is carried out to note the variation in gradation from the 
original. 

Computation and Result 

The average loss in weight is found which represents the soundness of 
the aggregate. 

Applications 

The average loss in weight should not exceed 12 to 18% when tested 
with sodium sulphate or magnesium sulphate respectively. 



2. Describe the CBR test procedure in lab. [N/D 2015] 

Explain the California Bearing ratio test. [N/D 2016] [A/M 2017] [A/M 
2019] 

Theory 

California Bearing Ratio Test (usually referred to as CBR Test) is an 
adhoc penetration test developed by the California State Highway 
Department of the USA for the evaluation of subgrade strengths for roads 
and pavements. 

California Bearing Ratio (CBR) is expressed as the percentage of force 
per unit area required to penetrate a soil mass with a circular plunger of 50 
mm diameter at a rate of 1.25 mm / min compared with that required for the 
corresponding penetration in a standard material. 





Laboratory Method 
Apparatus required 

i. A mould shall be made of non - corrodible metal and be cylindrical in 
shape with an inside diameter of 150 mm and of height 175 mm. It 
shall be provided with a detachable metal extension collar of 50 mm in 
height and a detachable perforated base plate of 10 mm thick. The 
perforation in the base plate shall not exceed 1.5 mm in diameter. 

ii. A collar of 50 mm height and 150 mm diameter. 

iii. Circular metal spacer disc of 148 mm diameter and 47.7 mm in height. 

iv. Metal rammer having a weight of 2.6 kg with a drop of 310 mm or 
having a weight of 4.89 kg with a drop of 450 mm. 

v. Expansion measuring apparatus consist of a plate 148 mm in diameter 
with perforation of 1.5 mm in diameter with a thousand stem at the 
center. A metal tripod fitting over the rim of the mould with a dial 
gauge clamped for measuring the amount of swell during soaking. 

vi. Annular metal weight and several slotted weights weighing 2.5 kg 
each. 

vii. Loading machine with a capacity of 50 kN (5000 kg approximately) 
with a rate of strain of 1.25 mm / min. 

Preparation of Test Specimens 

The test may be performed on i) undisturbed specimens or on ii) re — 
moulded specimens which may be compacted either statically or dynamically. 

Undisturbed Specimens 

This is obtained by fitting a cutting edge of 150 mm diameter to the 
mould and pushing the mould as gently as possible into the ground. As the 
mould is pushed in, the soil is dug from the outside. When the mould is full of 
soil, it is removed by under — digging. Then the top and bottom surfaces are 
trimmed flat so as to get a specimen of the required length ready for testing. 



If the soil is hard and the mould cannot be pressed, then a large undisturbed 
lump of soil is cut out, from which the required specimen for the mould is 
made. If the specimen is loose in the mould, the annular cavity is filled with 
paraffin wax. The density of the soil and the water content are determined so 
as to determine the dry density. 

Remoulded Specimen 

The dry density of the remoulded specimen has to be decided which 
may be the field density, maximum dry density or any other density. 
Accordingly the moulding water content may be OMC or field moisture 
content. 

The soil for the remoulded specimen shall pass through a 19 mm sieve. 
Allowance for large size particles is made by replacing the soil by an equal 
amount of material passing a 19 mm sieve and retaining in a 4.75 mm sieve. 
The soil is prepared and compacted in the mould either statically or 
dynamically as required. 

In both cases of compaction if it is intended that the specimen is to be 
soaked, the water content of the soil before and after compaction is 
determined. If the specimen is not to be soaked, a representative sample is 
taken for water content determination. 

Test Procedure 

Test for Swelling 

A filter paper is placed over the specimen and the adjustable stem and 
the perforated plates are placed on the soil specimen. Then the weights are 
applied to produce a surcharge equal to the weight of the base material and 
pavement expected in actual construction within 2.5 kg. the whole weight 
should not be less than 5 kg. 



The whole mould and weights are immersed in a tank of water 
allowing free access of water to the top and bottom of the specimen. The 
tripod for the expansion measuring device shall be mounted on the edge of 
the mould and the initial dial gauge reading recorded. This set — up is kept as 
such without any disturbance for 96 hours. Readings are noted down every 
day against the time of reading. During the entire period water level in the 
tank is maintained. 

At the end of the soaking period, changes in the dial reading is noted. 
The tripod and the mould are removed from the water tank and the specimen 
is allowed to drain for 15 minutes downwards. Weights, perforated plate and 
filter paper are removed and the weight of the mould along with the soaked 
soil specimen is found. 

Penetration test 

The mould along with the specimen is placed on the testing machine. 
The required number of surcharges weights to simulate the intensity of 
loading equivalent to the base material and pavement is placed. 

The plunger is set to touch the specimen with a seating load of 4 kg. a 
load on the plunger is applied at the rate of 1.25 mm / min. Loads are noted 
at different penetration levels till 12.5 mm. Soil samples are taken for 
moisture content determination. As a check, the test may be conducted on the 
rear side of the specimen. 

Computation and Results 

Expansion ratio 



Expansion ratio — 


h 


x 100 



Where 


df is the final dial guage reading in mm 
d s is the initial dial gauge reading in mm and 
h is the height of the specimen in mm 

The expansion ratio is used to identify qualitatively the potential 
expansiveness of soil. 

CBR Value 

The load penetration curve is plotted. The curve is usually convex 
upwards although the initial portion of the curve may be convex downwards 
due to surface irregulations. A correction shall be made. 

The CBR value are usually calculated for penetration 2.5 and 5 mm. 

then 

P t 

CBR = -Ax 100 

p s 

Where Pt is the corrected unit (or total) test load corresponding to the 
chosen penetration from the load — penetration curve and P s is the unit (or 
total) standard load for the soil depth of penetration. 

Generally, the CBR value at 2.5 mm penetration will be greater than 
that at 5.0 mm penetration and in such case, the former shall be taken as the 
CBR value for design purpose. If the CBR corresponding to a penetration of 
5 mm exceeds that of 2.5 mm, the test shall be repeated. 



3. What are the desirable properties of aggregates? [A/M 2016] 

The desirable properties of the aggregates may be summarized as follows: 

a) Resistance to impact or toughness 

b) Resistance to abrasion or hardness 

c) Resistance from getting polished or smooth / slippery 

d) Resistance to crushing or crushing strength 

e) Good shape factors to avoid too flakey and elongated particles of coarse 
aggregates. 

f) Resistance to weathering or durability 

g) Good adhesion or affinity with bituminous materials in presence of 
water or less stripping of bitumen coating from the aggregates. 

4. Explain the Ductility test and Softening point test. [A/M 2016] 

Ductility Test 

■f In the flexible pavement construction where bitumen binders are used, 
it is important that the binders form ductile thin films around the 
aggregates. 

S The ductile film of binder improves the physical interlocking of the 
aggregate — bitumen mixes. 

•S The binder material which does not possess sufficient ductility would 
crack and permit the surface water to enter into the pavement 
resulting in rapid deterioration and failure. 

S “Ductility test is carried out on bitumen to test the adhesive property 
of bitumen and its ability to stretch”. 

■f The ductility value expressed as the distance in centimeters (cm) to 
which the bitumen specimen of standard size can be stretched before 
the thread breaks. 



Procedure 


■S The standard briquette specimen has a minimum cross section 10 mm 
X 10 mm. 

S The test is conducted at 27°C with a rate of pull of 50 mm per minute, 
until the stretched specimen breaks. 

•S The bitumen sample is heated and poured in the mould assembly 
placed on a plate. 

S The samples along with the mould are cooled in air and then in water 
bath maintained at 27°C. 

•f The excess bitumen material is trimmed and the surface is leveled 
using hot knife. 

■S The mould assembly containing sample is replaced in water bath of the 
ductility testing machine for 85 to 95 minutes. 

•S The sides of the moulds are removed, the clips hooked on to the 
machine and the pointer is adjusted to zero. 

S The distance up to the point of breaking of thread is reported as 
ductility value, in cm. 

S The ductility value gets seriously affected by factors such as poring 
temperature, dimension of briquettes, test temperature and rate of 
pulling. 



Ductility value 

in mm 



End 

Ductility test 
FIC. 17-1 







Results 


V The ductility values of bitumen generally vary from 5 to over 100 for 
different bitumen grades. 

V A minimum ductility value of 50 to 75 cm is generally specified for 
bitumen used in pavement construction. 

V The BIS has specified that the ductility values on residue from Thin 
film oven test (TFOT) of paving bitumen of viscosity grades, VG - 10, 
VG - 20, VG - 30 and VG - 40 should not be less than 75, 50, 40 and 
25 cm respectively. 

Softening Point Test 

V The softening point is the temperature at which the substance attains 
a particular degree of softening under specific condition of test. 

V The softening point of bitumen is usually determined by Ring and Ball 
test. 

V Generally higher softening point indicates lower temperature 
susceptibility and is preferred in warm climates. 

Procedure 

V A brass ring containing test sample of bitumen is suspended in a 
beaker with liquid bath; water is used as the bath if the softening point 
is less than 80°C and glycerin is used for temperature exceeding 80°C. 

V A steel ball is placed upon the bitumen sample and the liquid medium 
is then heated at a rate of 5°C per minute. 

V The temperature at which the softened bitumen touches the metal 
plate placed at a specific distance below the ring is recorded as the 
softening point of the bitumen. 

V Harder grade of bitumen possess higher softening point than soft grade 


bitumen. 



Results 


■S The softening point of various bitumen grades used in paving jobs vary 
between 35° to 70°C. 


Thermometer 
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5. What are the different forms of bitumen? [N/D 2016] 

Bitumen 

Bitumen is a hydrocarbon material of either natural or pyrogenous 
origin, found in gaseous, liquid, semi — solid form. It is a complex organic 
material which is completely soluble in carbon disulphide. It occurs either 
naturally or may be obtained during the distillation of petroleum. Bitumen 
consists of colloidal hydrocarbon materials of asphaltenets, resins and oils. 
Bitumen may be further divided as native petroleum asphalt or petroleum 
asphalt. 







































Native Asphalt 

Natural asphalts are those which occurs in a pure or nearly pure state 
in nature. These are further designated as i) Lake asphalt, ii) Asphaltites and 
iii) Rock asphalt based on their origin of occurs. 

Lake asphalts 

These are found in depression in earth’s surface which have 
accumulated in lakes. Most of the lake asphalts possess moisture in some 
form. The refined asphalt has very low penetration. This material can be 
softened by fluxing with a petroleum flux. This may be blended with asphalts 
produced from petroleum to produce blended asphalts. 

Asphaltites 

This is asphalt like substance presumably derived from metamorphosis 
of petroleum. It is hard, brittle and practically a pure bitumen. These types of 
asphalts are further divided into three classes, viz., gilsonite, glance pitch 
and grahamite. It is obtained from crevices and seams in rock formation. 

Rock asphalts 

These are deposits of limestone or sandstone naturally impregnated 
with asphalt. This is extensively available in many parts of the world. The 
asphalt constant in the rocks is about maximum of 20% and varies from soft 
to hard. 

Petroleum Asphalts 

These asphalts are derived from petroleum crude oil which are taken 
from oil wells. The crude oil is transported to refineries where it is separated 
into various components. 



The character of asphalt depend upon the nature of crude oil. Crude 
petroleum is divided into three classes, viz., asphaltic base, semi — asphaltic 
base and paraffin base. 

Cut back Bitumen 

When the viscosity of a bitumen is reduced by a volatile diluent, the 
bitumen is called as cutback bitumen. The viscosity of the cutback and the 
rate at which it hardness depends on the characteristics and quantity of both 
the bitumen and volatile oil. 

Bituminous Emulsion 

When bitumen is suspended in a finely divided condition in an aqueous 
medium and an emulsifier is used to stabilize, the end product is known as 
bituminous emulsion. 

Bituminous materials are widely used in highway construction because 
of their dual qualities, viz., binding property and water proofing property. 

Tar 

Tar is the viscous liquid produced when natural organic materials such 
as coal, petroleum, or wood, etc., are carbonized. Depending on the material 
from which the tar is obtained, it is called as wood tar or coal tar. Coal tar is 
used mostly for road work because of its superior quality. Road tar is 
produced by undergoing three stages. Viz., carbonization of coal to produce 
coal tar, refining or distillation of crude tar and blending of distillation 
residue with distillate oil fraction. 

There are five grades of road tar, viz., RT - 1 to RT - 5 based on their 
viscosity and other properties. 

RT — 1 used for surface painting under adverse cold conditions. 



RT — 2 used for standard surface painting under normal weather 
conditions. 

RT — 3 used for surface painting, renewal coats, premixing chips for top 
course and light carpets. 

RT — 4 used for premixing tar macadam in base course. 

RT - 5 used for grouting. 

Modified Binders 

Some of the modified binders used along with bitumen are : Tar - 
bitumen mixers, Rubberized — tar and bitumen and Polymer modified 
bitumen. 

Tar - bitumen Mixture 

Tar and bitumen possess a certain individual characteristics which 
when combined provide a road binder of excellent quality. In some countries, 
blending of tar and bitumen are in use. 

The tar — bitumen provides better improvements as denoted below. 

i. Addition of more bitumen with tar, yields better binding 
property. 

ii. The softening point is decreased and the penetration is lowered. 
This leads to lowering of temperature susceptibility of bitumen. 

iii. Rheological nature of binder is altered. In general 50 — 50 
proportion is adopted in many countries. However, there is 
incompatibility between them as they are chemically different. 

Rubberized - tar and Bitumen 

A lot of improvement is attained when natural rubber is added to the 
tar — bitumen mixture. The important of change is that the change in 
viscosity with temperature of the bitumen is significantly reduced. The 



softening point of the binder is increased and its brittle point is reduced. 
Addition of rubber increases the elasticity of binder. Further, addition of 
rubber increase the resistance to brittle fracture at low temperature. It also 
improves the adhesion between the binder and the stone aggregate. 

Polymer Modified Binder 


Polymers are added in different forms as detailed in below Table. 


S.No. 

Type of Modifiers 

Example 

Indicative 

dose level, % 

by wt. of 

bitumen 

1 

Plastics 

• Thermoplastics 

• Thermosets 

Plytehene (PE) 

Ethylenevinyl acetate 

(EVA) 

Epoxy Resins 

3-6 

3-5 

2 

Elastomers 

• Natural 

Rubber 

• Synthetic 

Elastomers 

Dry rubber content styrene 

Butadiene copolymer 

(SBR) 

Styrene Butadine Styrene 

block copolymer (SBS) 


3 

Reclaimed rubbers 

The Crumble Rubber 

Powder further improced 

by additives. 






6. What are the modern construction material used for the 
construction of pavements? Explain their characteristics and usage 
in detail. [A/M 2017] [A/M 2019] 

Geotextiles 

Geotextiles are porous fabrics manufacturers from synthetic materials 
that are primarily petroleum products and others, such as polyester, 
polyethylyne, polypropylene and polyvinylchloride, nylon, fiber glass and 
various mixtures of these. They are manufactured in thickness ranging from 
10 to 300 mils (1 mil = 0.0254 mm), width up to 10 m, and roll lengths up to 
about 600 m. 

Major Function of Geotextiles 

Four major functions of geotextiles are soil separation, filtration, 
drainage and reinforcement. 

a) Geotextiles as Separators 

b) Geotextiles as Filters 

c) Geotextiles as Drains 

d) Geotextiles as Reinforcement 

Geomembrane 

Geomembranes are thin materials with very low permeability. They 
are flexible and are manufactured from synthetic or bituminous products. 
They may be strengthened if necessary, with a fabric or film. Geomembranes 
differ from geotextiles with reference to the rate of permeability. The 
permeability is very high in geotextiles and very low in geomembranes. For 
all practical purposes, geomembranes may be considered to be impermeable 
to both gases and fluids. This makes them ideal for constructing waterproof 
or gas proof barriers between adjacent bodies of soil, or soil and fluid. 



Glass and its Constituents 


Glass is a transparent or translucent material which is hard and 
brittle. It is a substance or combination of substance which have solidified 
from the liquid state without crystallization. 

The main constituents of glass are silica, sodium or potassium 
carbonate, lime, manganese dioxide, cullet and coloring materials. 

Natural Fibers and its Properties 

Naturally available fibrous material is asbestos. The main constituents 
of asbestos is silicate of calcium and magnesium. It also contains a small 
amount of iron oxide and alumina. The original source of asbestos was the 
mineral fibrous mineral actinolite. 

Following are the properties of asbestos: 

a) It has high tensile strength along the flame. 

b) It is incombustible and hence acts as a good insulator for heat. 

c) It is acid proof 

d) It is flexible, soft and non-porous. 

e) It is fire resistant and the welding point is 1200°C to 1500°C. 

f) It is rust free. 

Reinforcing Fibers 

Composite materials are formed by combining two or more different 
materials to utilize their virtues and minimizing their deficiencies. These 
materials are called composites. Depending on the requirement to higher and 
lighter materials may be combined. In the finished product, the materials 
used retains its physical and chemical properties independently. Composites 
comprise of two main constituent materials. 



a) Strong load carrying material called as reinforcement or 
reinforcing fibers. 

b) Weaker materials are known as matrix. 

Plastics 

Plastics are organic substance which may be natural or synthetic 
resins in origin with or without molding components. Synthetic resins are: 
phenol, formaldehyde, cellulose, vinyl, alkyd, etc. The molding compounds are 
catalysts, filters, hardeners, lubricants, pigments, plasticizers, solvents, etc. 

Based on their behavior with respect to heat, they may be broadly 
grouped as Thermoplastic and Thermoset plastics. 

7, Explain any two tests on bitumen. [N/D 2017] 

Various tests that are generally carried out to evaluate the properties 
of bitumen binders are: 

a) Penetration test 

b) Viscosity test 

c) Ductility test 

d) Softening point test 

e) Specific gravity test 

f) Flash and Fire point tests 

g) Loss on heating test 

h) Solubility test 

Penetration Test 

Theory 

Hardness or softness of bitumen is assessed by penetration of a 
standard needle. This is obtained by measuring the depth in tenth of 



millimeter to which a standard loaded needle shall penetrate vertically in 5 
seconds. The bitumen grade is specified in terms of penetration value. 


Apparatus Required 

i. Penetrometer consists of a needle with a device to release and lock a 
100 g weight. A graduated dial is provided to read the penetration 
values up to an accuracy of l/10 th of a millimeter. 

ii. A sample container. 

iii. Temperature controlled water bath maintained at 25°C. 

iv. Benzene liquid. 
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Fig. 4.10.1 : Standard penetrometer 


Test Procedure 

i. The bitumen is adequately softened such that it attains pouring 
consistency. 

ii. The softened material is stirred thoroughly and poured into the sample 
containers to a depth at least 15 mm in excess of the expected 
penetration. 

iii. The containers are placed in the water bath for one hour. 

iv. The sample container is taken out of the bath and kept on the machine 
and the needle is made to have contact with the surface of the sample. 















v. The dial is set to zero or the initial reading is taken and the needle is 
released for 5 seconds. The final reading is taken. The depth of 
penetration reported in one — tenth millimeter units. 

vi. After each test the needle is disengaged and the needle point is wiped 
with benzene and dried. 

vii. At least three penetration tests are conducted on the same sample by 
testing at distance of at least 10 mm apart. 

viii. The average value of these three tests is reported as penetration value. 

Computation and Results 

The bitumen grade is reported with the range of penetration value, 
e.g., 80-100 or 80/ 100. 

Application and Limitations 

i. The penetration values of bitumen used in general varies from 20 to 
225. 

ii. The grades 30 / 40 and 80 / 100 bitumen are more commonly used. 

iii. In hot weather condition a penetration grade bitumen like 30 / 40 is 
preferred. 

iv. The penetration test is conducted only for bitumen. 

v. The penetration value is very much affected by pouring temperature, 
size of needle, weight placed on the needle and test temperature. 

Viscosity Tests 

Theory 

Viscosity is a measure of resistance to flow. Thus higher the viscosity 
of a liquid signifies that it can nearer to semi — solid state of consistency. 

Viscosity is a function of temperature. It decreases with increase in 


temperature. 



In this test the time (represented in seconds) taken by sample, is 
measured for 50 ml of the material to flow through a standard orifice under 
standard falling head conditions at a standard temperature. 

Apparatus required 

i. Orifice type viscometer 

ii. Cup 

iii. Timer 

Test Procedure 

i. The cutback bitumen in viscous form is placed in the viscometer. 

ii. The timer is started and flow of the liquid allowed which falls drop in 
the standard 50 cc spherical glass bulb. 

iii. The time taken in second to fill the specific mark in the bulb is noticed 
and expressed as the viscosity. 

Application and Limitations 

i. At low viscosity the bituminous binder simply lubricates the aggregate 
particles instead of forming an uniform film for binding action. 

ii. High viscosity resists the compaction effort. 

iii. Orifice type viscometer indirectly finds the viscosity. 

iv. Furol viscosity is a specific test conducted in liquid bituminous 
materials. 

v. Ten millimeter orifice viscometer is recommended for road tar. 

vi. Viscosity is a function of temperature, it decreases with increase in 
temperature. 



Flash and Fire Point Test 


Theory 

Bitumen materials at high temperature leave out volatiles which may 
catch fire. This is dangerous condition. Thus it is essential to know the 
critical temperatures such that adequate precautions can be taken. Two 
critical temperatures are needed, one at which a flash appears and another at 
which a fire occurs. These two temperatures are referred to as flash point and 
fire point. The definitions for these two points as per BSI are as follows: 

“The flash point of a material is the lowest temperature at which the 
vapour of a substance momentarily takes fire in the form of a flash under 
specified conditions of test.” 

“The fire point is the lowest temperature at which the material gets 
ignited and burns under specified conditions of test” 

Apparatus Required 

i. Pensky — Martens closed — cup or open — cup is used 

ii. Thermometer 

iii. Candles 

Test Procedure 

i. The material to be tested is filled in the cup up to a filling mark. 

ii. All accessories including thermometer of the specified range are 
suitably fixed. If it is a closed — cup type, the lid is placed to close the 
cup. 

iii. The sample is then heated at the rate of 5° to 6°C per minute and 
continuously stirring the sample. 

iv. The test flames is applied at intervals based on the expected 
temperatures at which flash appears. 



v. First application is made at about 17°C below the expected flash point 
and then applied continuously at every 1° to 3°C. 

vi. In the closed — cup system, the flash point is taken as the temperature 
read as the thermometer when the application of flame causes a bright 
flash. In the open cup system, the temperature corresponding to the 
appearance of first flas at any point on the surface of the material. 

vii. The heating is continued till the material gets ignited and continuous 
for 5 seconds. The temperature corresponding to this stage is recorded 
as the fire point. 

Results 

The flash point and fire point are expressed as temperature. 
Applications 

The minimum specified flash point of bitumen utilized in pavement 
construction is 175°C as obtained in the closed — cup test. 

8. What is Geotextiles? Describe the functions of geotextiles in road 
construction. [A/M 2018] 

Geotextiles are porous fabrics manufacturers from synthetic materials 
that are primarily petroleum products and others, such as polyester, 
polyethylyne, polypropylene and polyvinylchloride, nylon, fiber glass and 
various mixtures of these. They are manufactured in thickness ranging from 
10 to 300 mils (1 mil = 0.0254 mm), width up to 10 m, and roll lengths up to 
about 600 m. 

Major Function of Geotextiles 

Four major functions of geotextiles are soil separation, filtration, 
drainage and reinforcement. 



Geotextiles as Seoerators 

There are situations in which two group of particles of different size 
ranges cannot be placed together, as there is a danger of small size particles 
migrating to the voids of large — size particles. For example in the 
construction of highways, a clayey sub grade can be kept separate from a 
granular base cause. In such cases, the usual procedure is to provide a soil 
containing grain sizes intermediate between the soils. The obvious 
alternative in such a situation is the use of geotextiles. 

The advantages of using geotextiles as separators over single or 
multiple soil layers are the following: 

a) Simplicity in the construction 

b) Less excavation required 

c) Less weight placed 

d) Short time requirement for construction 
Geotextiles as Filter 

Geotextiles can be used more effectively as filters. Geotextile filtration 
occurs in fabrics where the flow of water transported some of the fine — 
grained particles of the protected soil onto the surface of geotextiles. This 
modification in the soil and void of the fabric attains equilibrium after 
sometime. Only then does clear water start passing through the fabric. For 
relatively thin geotextiles, most of the filtering takes place within the soil, 
upstream from the fabric. This application of geotextiles has been widely 
used in civil engineering works. 

Geotextiles as Drains 

Geotextiles themselves function as drain because they have a higher 
water transporting capacity than that of the surrounding material. 
Geotextiles drainage occurs either cross — plane, when functioning primarily 



as filter, or in — plane, when water is transmitted within the geotextile 
structure itself. 

Both filtration and drainage systems have the following advantages: 

a) Faster installation 

b) Less soil to excavate and dispose of 

c) Less load 

d) Greater system stability 
Geotextiles as Reinforcement 

Since the tensile strength of soil is less, geotextiles, which have high 
tensile strengths, can contribute to the load bearing capacity of the soil. Thus, 
geotextiles perform the function of reinforcement in soils. The must 
important use has been in road construction on soft sub grades. 

9. Discuss the requirements of good highway drainage system. 
[A/M 2018] 

One of the major causes of failure of highways is presence of water. A 
part of rain water falling on road surface and the surrounding area is lost by 
evaporation and percolation. The remaining water known as surface water 
either stays on the surface of the road and the surrounding area of flows 
away depending on the topography of the area. 

Removal and diversion of surface water from the road and surrounding 
area is termed as surface drainage. Division or removal of excess water 
beneath the ground surface is termed as sub — surface drainage. 

Requirements of Highway Drainage 

For the best performance of the road the following requirements have 


to be fulfilled. 



i. Surface water should not be permitted to stagnate on the road surface 
and shoulders. Arrangements should be made to drain off this water. 

ii. The water collected at the adjoining area due to rain should not be 
allowed to flow towards the road. Adequate slope should be made for 
the adjoining area. 

iii. Side drains should be provided with sufficient longitudinal slope so 
that it may drain off the collected surface water effectively. 

iv. Surface water flowing across the pavement should not develop cross 
rules or erosion on road surface and shoulders. For this high 
embankment slopes should be protected either by turfing or pitching. 

v. Ground water level should be maintained well below the road surface. 
That is water table should be 1 to 2 m below the road sub grade. 

vi. Special steps should be taken to keep down the harmful salts in water 
logged areas. 

vii. Road formation should be well above the high flood level, atleast 10 cm 
above high flood level. 

10. Explain the penetration test, viscosity test, ductility test and 
softening point test for bitumen. [A/M 2018] 

Refer Question No. 4 and 7 

11. Write in detail the different types of tests to be conducted to check 
the suitability of ‘Aggregate Material’ in highway materials. [N/D 
2018] 

Refer Question No. 1 

12. Discuss the following test procedure for testing the quality of 
aggregates and Bitumen. 

a. Aggregate Impact Test 

b. Softening Point Test [N/D 2019] 


Refer Question No. 1 & 4 



13.Discuss the construction practice adopted for flexible pavement. 
[N/D 2019] 

Describe the construction procedure of a Flexible Pavement. Explain 
the equipment required for various layers while constructing the 
flexible pavement. [N/D 2015] 

Bituminous Roads 

Bituminous roads are connected with varying aggregate sizes and 
compositions. Basically the bituminous construction is adopted as a wearing 
course or a surface course. In heavy traffic roads bituminous construction are 
also adopted for base course. Compared to cement concrete surfacing 
bituminous surfacing takes very less time to use after construction. 

Black top construction is in large use in developing countries like India 
where cement is in great demand as a construction material. Further stage 
construction can be done effectively. 

Types of Bituminous Construction 

There are various types and methods of construction of bituminous 
pavements. The following construction techniques are in use: 

1. Surface dressing or painting 

2. Interface treatments like seal coat, prime coat, tack coat and 
penetration or ground macadam 

3. Premix material like 

a. Bituminous bound macadam 

b. Carpet 

c. Bituminous concrete 

d. Sheet asphalt or rolled asphalt 

e. Mastic asphalt 



Bituminous binders adopted in the above methods are straight run 
bitumen, road tar, cutback or emulsion. The choice of type of binder is based 
on the type of construction, availability of material, climatic condition, 
equipment, etc. 

For example, bitumen and tar require heating to bring them to a 
proper viscosity for their use. Use of this type when it is called hot — mix 
technique. On the other hand cutback and emulsion do not require heating as 
that of bitumen or tar. The use of this material is called cold — mix 
techniques. 

Further based on the technique of mixing and construction, the 
bituminous constructions are classified as road mix and central plant mix 
methods. 

Premix materials construction depends on the gradation and they are 
classified as open graded and dense graded. 

Bitumen construction methods for base course are grouted or 
penetration macadam (either fully — grouted or semi — grouted) and bitumen 
bound macadam. 

Different bituminous constructions employed in surface course of 
pavements are surface dressing, grouted or penetration macadam and seal 
coat, and bituminous premix surfacing. 

Surface Dressing 

Functions and Applications 

Main functions of surface dressing are: 

i. To provide a dust free pavement surface over the base course 

ii. To provide full stability to the base course and pavement 
structures as a whole 



iii. To prevent infiltration of surface water and thereby form as a 
water proof layer. 

In water — bound macadam roads the binding material, soil slurry, is 
removed easily by fast moving vehicles and thereby expose the stone pieces 
and also make them loose. In such situations a surface dressing by bitumen 
for a thickness of 2 to 3 cm improves the surface performance better and adds 
to the overall stability of the structures. 

Materials Requirement 


The bitumen binder may be bitumen or tar or cutback. For a WBM 
road or renewal of black top surface the weight required for 10m 2 of area are 
given in below table. 


Base 

Course 

Type 

Binders requirement in kg per 10 sq. m. area 

Single or First Coat 

Second Coat 

Bitumen 

Tar 

Cutback 

Bitumen 

Tar 

Cutback 

WBM 

17 to 19.5 

17 to 22 

19 to 22 

10 to 12 

12 to 15 

12 to 15 

Renewal of 
black to 
surface 

10 to 12 

12 to 17 

10 to 12 

10 to 12 

12 to 15 

12 to 15 


Construction Procedure 

Surface dressing can be done on an existing road surface as a black top 
surface or as a new WBM road. 

In the case of WBM road surfaces, the metals are properly rolled after 
sprinkling water and then the dressing is applied. 


In case of an old road or existing WBM the surface is reconditioned to 
have the design camber and defects rectified. The surface is cleaned with wire 






brush such that the aggregates are exposed at least 1.25 cm. Surface dressing 
is done in one or two coats depending on the necessity. 


Over the prepared surface a uniform layer of bituminous binder is 
applied as given in above table. In general 2kg of binder per square meter 
surface is sufficient. In order to avoid bleeding no excess binder should be 
used. 


After spraying, binder chippings of 12 mm thick (for first coat) of 
12 mm size of 0.14 to 0.15 cm of materials for 10 sq.m area is used. For 
second coat 9 mm thick of 9 mm size of 0.09 to 0.11 cm of material for 10 sq.m 
area is applied. 

After this, rolling is started from the edges towards the center 
longitudinally with an overlapping not less than half of the width of rolling 
wheel. After completion of half of the surface the rolling is started from the 
other edge. The rolling is continued till all the particles are properly 
interlocked. This form the final rolling in case of single coat. In the case of 
additional coat, the binder is applied to the prepared surface and chippings 
spread as per requirement and rolled finally. 

After ensuring proper cross — sections and 24 hours after rolling the 
road may be opened to traffic. 

Interface Treatment 

Function and Applications 

Depending on the condition of the existing base the following interface 
treatments are recommended 

Prime coat is the first coat of bituminous surfacing done on an existing 


pervious texture base. 



Tack coat is the bituminous surfacing done over an existing cement 
concrete top or already existing black top surface road. 

Seal coat is a final thin coat over certain previous bitumen pavements. 
The functions of seal coat are: i) To increase the skin resistance of the 
surface, ii) To make the surface water proof and iii) To increase the life of the 
structure. 

Penetration of ground macadam is the process by which the bitumen is 
spread over the compacted aggregate surface to allow the bitumen to fill voids 
and binding the aggregates together. When the bitumen penetrates fully it is 
called grout. 

Generally the above treatments are given to existing WBM road 
surfaces. It is essential the adequate bond should exist between the newly 
laid bituminous layers and the existing surface at the interface. 

Construction Procedure 

The existing surface is lightly scarified, brushed and reconditioned. 
Priming coat is applied if required. 

Additional course aggregate are spread with proper protection of edges. 
The profile of the cross section is checked with template. A 10 ton roller is 
used to roll the aggregates when dry. Rolling is continued till crushing of 
aggregates are ensured. The profile of the dry — rolled surface is checked for 
its correctness. 

Over the dry and compacted surface, the specific binder (bitumen) is 
uniformly spread either with pressure distributor or hand sprayer. For a 
compacted surface of one sq.m. With a thickness of 5 cm and 7.5 cm, 50 kg 
and 68 kg bitumen respectively are required. After this process chippings or 



key aggregates are spread material needed varies from 0.15 to 0.18 m 3 
respectively. 

Over this surface a premixed sand bitumen or surface dress type seal 
coat is applied after a few days or immediately as the case may be. 



